Abstract Aryl hydrocarbon receptor (AhR) agonistic contaminants were identified in roadside snow samples. Snow was collected in Oslo, Norway, and compared to a background sample collected from a mountain area. The water and particulate fractions were analysed for AhR agonists using a dioxin-responsive, chemically activated luciferase expression (CALUX) cell assay and by gas chromatography coupled to high-resolution time-of-flight mass spectrometry with targeted analysis for polycyclic aromatic hydrocarbons (PAHs) and broad-spectrum non-target analysis. The AhR agonist levels in the dissolved fractions in the roadside samples were between 15 and 387 pg/L CALUX toxic equivalents (TEQ CALUX ). An elevated AhR activity of 221 pg TEQ CALUX per litre was detected in the mountain sample. In the particle-bound fractions, the TEQ CALUX was between 1,350 and 7,390 pg/L. One possible explanation for the elevated levels in the dissolved fraction of the mountain sample could be the presence of black carbon in the roadside samples, potentially adsorbing dioxin-like compounds and rendering them unavailable for AhR interaction. No polychlorinated dibenzodioxins and dibenzofurans or polychlorinated biphenyls were detected in the samples; the occurrence of PAHs, however, explained up to 9 % of the AhR agonist activity in the samples, whilst comprehensive two-dimensional gas chromatography coupled to mass spectrometry (GCxGCToF-Ms) identified PAH derivatives such as polycyclic aromatic ketones and alkylated, nitrogen sulphur and oxygen PAHs in the particle fractions. The (large) discrepancy between the total and explained activity highlights the fact that there are other as yet unidentified AhR agonists present in the environment.
Introduction
Numerous substances contaminate the environment, and the effects of these compounds alone or in mixtures are not well understood. Identifying which substances have the potential to cause harm is therefore a major and important challenge for environmental scientists. Traditionally, identifying environmental contaminants has been performed using targeted chemical analysis following a prioritisation/ranking process; that is, by assessing which pollutants are to be expected in an environmental sample and analysing those specific pollutants. This source-specific approach is an effective way of analysing environmental samples, but has the drawback that certain unknown contaminants may be missed (e.g. components with low concentrations and high target toxicity, metabolites, transformation products or natural products). Effect-directed analysis (EDA) approaches the problem of unknowns in the environment with a different perspective. A complex environmental sample is extracted, fractionated and then analysed using both biological assays and chemical analysis in order to link the presence of one or more compounds to their biological effects.
This type of approach has been in use since the 1970s and was adopted by the United States Environmental Protection Agency in the 1980s as an established approved technique to identify the cause of toxicity in effluent as toxic identification evaluation (TIE) [1] . Since then, there have been more than 300 publications on EDA or TIE (see [2] for a review on EDA in European river basins).
One group of compounds that is particularly hazardous comprise dioxins and furans. They are a group of coplanar compounds that bind to the aryl hydrocarbon receptor (AhR) and activate cytochrome P-450 1A1 (CYP1A1), leading to biotransformation processes such as oxidation, reduction and hydroxylation [3] . The AhR also affects a number of fundamental cellular processes that may ultimately result in various adverse effects such as hepatotoxicity, immunotoxicity, neurotoxicity, and dermal and reproductive toxicity, as well as teratogenicity and carcinogenicity [4] . Apart from dioxins and furans, other compounds that interact with the AhR include polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), polybrominated diphenyl ethers and a range of other halogenated compounds that exhibit a coplanar structural conformation [5, 6] . These are ubiquitous environmental contaminants, and many of these compounds are regulated internationally by the Stockholm Convention [7] . Twenty-nine persistent organic pollutants bind to and activate the AhR to such a degree that they have been assigned toxic equivalently factors (TEFs), a measurement of the activity compared to the most potent dioxin: 2,4,7,8-tetrachlorodibenzo-p-dioxin (TCDD) [6] . Not all AhR-mediated toxic responses can be accounted for by these 29 compounds alone, and the presence of uncharacterised compounds with cellular responses similar to TCDD may be a source for the unknown risk.
The ability of such uncharacterised compounds to bind to and activate the AhR is routinely determined in bioassays such as the AhR-responsive assay chemically activated luciferase expression (CALUX). This bioassay is a welldocumented assay for measuring dioxin-like compounds [8] [9] [10] . The CALUX (also called DR-LUC) assay makes use of an AhR-reporter gene system where dioxins and dioxin-like compounds bind to and activate AhR-mediated luciferase activity in a genetically modified rat liver cell line.
It is mechanism specific with responses based on binding to the AhR and not compound-specific; all compounds capable of binding to the AhR elicit a response.
Snow is a useful matrix in which to measure the accumulation of contaminants because it scavenges pollutants from the air due to its large surface area and is therefore often used for the biomonitoring of contaminants in mountain areas [11, 12] and Arctic regions [13, 14] or to measure pollution in cities [15] . When snow melts, contaminants are released in a relatively short pulse, which can result in a contaminant exposure over a short period in spring, a time when biological systems are particularly active [16] . In many cities in Norway, large amounts of snow are each year transported out of the streets and into a snow depot or dumped into fjords. Street snow in Oslo is routinely analysed for heavy metals, oil and organic pollution such as PCBs and PAHs [17] . For example, PAH levels in Oslo city snow are reported to range from 1,130 to 16,700 ng/L (sum of 19 PAHs) [18] . Nevertheless, it is likely that there are unknown or uncharacterised AhR agonists in roadside snow and that these are not detected or quantified with such a targeted approach.
In this study, snow samples collected from Oslo (Norway) were used to identify volatile and non-volatile dioxin-like contaminants through using an EDA approach. The amount of black carbon (BC) was quantified to understand possible factors limiting the bioaccessibility of pollutants present in the snow samples. This was achieved by measuring the AhR agonist levels in the melted and filtered snow samples with the CALUX assay and subsequently attempting to identify the compounds responsible for the activity using broad-spectrum analytical techniques.
Materials and methods

Sample collection
In the days before the sampling date, the weather in Oslo had been stable, cold and with little wind, which leads to a relatively low air quality. For example, Ringroad 2 had, in February 2009, an average monthly concentration of NO 2 of 60 μg/m 3 , which is high compared to other measurements in Oslo that year, and a level of particulate matter 10 (PM 10 ) of 20 μg/m 3 , which is just above average compared to the other measurements [19] .
Snow samples were collected in 10-L airtight containers 4 days following a snow event on the 23rd of February 2009 that produced 19.2 mm of precipitation in Oslo, Norway ( Fig. 1 and Table 1 ). Samples were collected in a suburban street (sample 1, suburban street), next to Ringroad 2 (sample 2, Ringroad 2), next to the major highway that runs through the city (sample 3, major highway) and a background sample in the mountain area Norefjell (sample 4, mountain area). The annual average daily traffic for the sampling locations was as follows: (1) suburban street-6,500 vehicles; (2) Ringroad 2-15,000 vehicles; (3) major highway-83,000 vehicles; and (4) mountain area-only local traffic. The air temperature at the time of sampling was −1°C [20] . The samples were frozen when collected. All the samples were collected from the top 10 cm of the snow layer.
Extraction and cleanup of samples
A subsample of snow (2-50 mL) was taken within 2 h of sample collection and sealed in a headspace vial for the analysis of volatiles. The remaining samples (3-5 L; Table 1) were thawed in closed containers at 4°C for 24 h and then filtered (GF-C, Whatmann). The aqueous phase was extracted using solid phase extraction on a C18 cartridge
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Fig . 1 Map of Norway and Oslo with the sampling sites. 1 suburban street; 2 Ringroad 2; 3 major highway; 4 mountain area (Oasis HLB, Waters, Sweden). Analytes were eluted with dichloromethane (DCM, 12 mL) and evaporated under nitrogen to approximately 1 mL.
The filter papers were dried (60°C) and extracted using accelerated solvent extraction, ASE (ASE 200, Dionex, Sunnydale, CA, USA). The filter papers were cut into small pieces and placed in stainless steel ASE cells (33 mL) with hydromatrix and extracted with DCM at 50°C at a static time of 5 min. The flush volume was 60 % and the purge time 60 s, with three static cycles. The DCM extracts were reduced in volume to 3 mL, and half of the extract was cleaned up using a multilayer dioxin column (containing layers of 10 % AgNO 3 silica (3 g), 22 % H 2 SO 4 silica (6 g), 44 % H 2 SO 4 (4.5 g) and 2 % KOH silica (3 g); Supelco) and eluted with hexane (45 mL, F1 particles) and DCM (45 mL, F2 particles), respectively (Fig. 2) . The individual fractions were reduced to 1 mL under nitrogen and transferred to GC vials for analysis.
Black carbon
Subsamples of particles were analysed for BC content as described by [21] . In short, dried particles (14-19 mg) were combusted (375°C for 16 h) in silver capsules to remove the organic carbon. Subsequently, inorganic carbon was removed using hydrochloric acid (60 μL of 1 M HCL). The BC was measured as the remaining carbon by isotope ratio mass spectrometry (Europa Hydra 20/20; combustion temperature, 1,050°C) at Davis University, USA (UC Davis Stable Isotope Facility). Total organic carbon (TOC) content was determined in the same way as in 6-9 mg noncombusted, acidified dried particles.
Bioaccessibility
The bioaccessibility of dioxin-like compounds was tested in a subsample of the particle fraction collected from the major highway. Aliquots of the particle fraction (0.5 and 1 g) were extracted with XAD-2 resin (20/60 mesh, 1 g) in Milli-Q water (20 mL) and 1 μg sodium azide and rolled on an orbital shaker for 7 days. The XAD-2 resin was removed and the extraction repeated three times. All the XAD-2 resin fractions were combined, extracted with hexane (10 mL) and reduced in volume to 1 mL by nitrogen evaporation before being transferred to GC vials for analysis using the CALUX assay.
CALUX assay
The rat hepatoma cell line HL16.Lc2, stably transfected with an AhR-regulated luciferase reporter gene from the firefly (Photinus pyralis), was kindly provided by Mike Denison (University of California, Davis, CA, USA). The conditions for cell culture and the procedure for the CALUX assay have been described elsewhere [9] . In short, cells are grown in α-minimal essential medium with 10 % foetal calf serum in an incubator at 37°C, CO 2 (5 %) and 100 % humidity. At full confluence in a 96-well plate, the cells were dosed with a TCDD standard dilution series (37.5-125,000 pM) and the sample dilution series in dimethyl sulfoxide. Following incubation (24 h), the medium was removed and the cells were washed with phosphatebuffered saline and frozen to lyse the cells. Steady lite™ reagent (25 μL) was then added and the sample plates incubated in darkness for 1 h. Luciferase activity was determined by a microbeta JET luminescence counter (Perkin Elmer, Turku, Finland). The luciferase activity of the samples was interpolated with the TCDD standard curve to create the TEQ CALUX for the sample. In samples showing superinduction, the EC 50 of the TCDD standard curve was used to create the TEQ CALUX .
GC-HR-ToF-MS and GCxGC-ToF-MS
PAHs were determined using gas chromatography coupled to high-resolution time-of-flight mass spectrometry (GC-HR-ToF-MS; GCT, Micromass, USA). The source temperature was 180°C with over 8,000 resolution, and the injector was at 240°C. A DB-5 column was used (60 m× 0.25 μm×0.25 mm; Agilent, Palo Alto, CA, USA). The oven programme had an initial temperature of 60°C which Fig. 2 Flowchart of the methods used to analyse the snow samples was held for 3 min before ramping at 4°C/min to 280°C, which was held for 10 min. Compounds were tentatively identified using the National Institute of Standards and Technology library. Targeted analysis for PAHs (Tables 2 and 3) was performed with the TargetLynx® software (Waters, Manchester, UK) using a five-point calibration. The calibration was linear between 0.125 and 12 ng/L, with a limit of detection of <0.4 ng/L. Volatile compounds were determined by headspace GC-HR-ToF-MS with the same MS conditions as above. The initial oven temperature was 30°C and held for 4 min, then ramped at 4°C/min to 100°C, followed by 10°C/min to 240°C. The injection volume was 500 μL.
The non-target GC-HR-ToF-MS analyses were complemented with GCxGC-ToF-MS analyses. These were performed using a Pegasus 4D (Leco, St. Joseph, MI, USA) equipped with an Agilent Technologies 6890 gas chromatograph, a secondary GC oven and a dual-stage jet modulator. The injector temperature was maintained at 250°C and the transfer line and ion source temperatures at 350 and 250°C, respectively. Instrument control, and data acquisition and processing were carried out using ChromaTOF software (LECO Corp., St. Joseph, MI). GC×GC separation was achieved using a DB-XLB (30 m × 0.250 mm×0.25 μm; J&W Scientific) first-dimension column and a BPX-50 (1.5 m× 0.15 mm× 0.15 μm; SGE) second-dimension column. Helium was used as the carrier gas at 1.4 mL/min. Following splitless injection of a 1-μL sample aliquot, the primary GC oven temperature was kept constant at 60°C for 1 min, raised at 4°C per minute to 340°C and was held isothermal for 3 min. The secondary oven temperature was programmed as the primary oven with a +20°C offset. The modulation period was set to 2 s with a 0.6-s hot pulse and a 0.4-s lag time between cooling stages. The chromatographic regions that contained PAHs and PAH derivatives were scrutinized, and a large number of PAH derivatives were tentatively identified using chromatographic and mass spectrometric information. A reverse search score of 800 was set as the limit for assignment of tentative structures (a manual check was also performed to eliminate obvious misassignments). Semi-quantification of PAH derivatives was then performed using the total peak area of all apexing ions, assuming that each PAH derivative had the same molar response factor as the structurally most similar (parent) PAH. 
Results and discussion
CALUX results
Water fraction
The concentration of AhR agonists (expressed as TEQ CALUX ) in the total melt water fractions was between 15 and 387 pg/L (Fig. 3) . Sample 1 had the lowest concentration of AhR agonists (15 pg TEQ CALUX per litre), reflecting the location as a quiet suburban street outside the city's outer ring road. The highest concentration of AhR agonists was in sample 3 (major highway, 387 pg TEQ CALUX per litre). Sample 2 (Ringroad 2) had an AhR activity equivalent to 168 pg TEQ CALUX per litre. A relatively high AhR activity of 221 pg TEQ CALUX per litre was detected in sample 4, the mountain sample collected from Norefjell, a mountainous area with limited human activity. All samples except this one, which was pristine white snow, were filtered before analysis. The particles that were extracted onto the filters likely consisted of sediment, road and car tyre wear, and car exhaust fume particles that are known to contain PAHs [22] and soot (or BC) [23] . Dioxins, PAHs and other contaminants are known to bind strongly to BC [24] , and BC could possibly trap part of the contamination originally present in the snow from urbanised areas, potentially leading to relatively lower AhR agonist levels in the water fractions of the filtered city samples when compared to those of clear, particulate-free mountain snow. The particle fractions from the three filtered samples were therefore tested for the presence of AhR agonists on the DR-CALUX assay in an attempt to test this hypothesis.
Particle fraction
The AhR agonist levels in the F1 particle fractions, where dioxins, furans and PCBs are expected to elute, were the same as the procedural blank. On the other hand, AhR agonist concentrations between 1,350 and 7,390 pg TEQ CALUX per litre were detected in the F2 particle fraction (Fig. 3) , where PAHs are expected to elute. The lowest activity was measured in sample 1 (suburban street) and the highest in sample 3 (major highway). In dry weight, this corresponds to 2,350-4,940 pg TEQ CALUX per gram, respectively. All the F2 samples showed superinduction, which is a well-reported phenomenon [25, 26] (see Electronic supplementary material (ESM) Fig. S1 ).
The bioaccessibility study was performed on the F2 from particle sample 3 (major highway) with XAD-2 resin. The absorption of hydrophobic contaminants in the water phase to the resin material has been demonstrated to be a good proxy for the bioavailable fraction of the contaminants [27] . The results show that 16 % of the activity is bioaccessible, which equates to a bioaccessible portion of 1,200 pg TEQ CALUX per litre in this sample. If this is added to the activity in the water fraction, the total bioaccessible AhR agonist level in the F2 from particle sample 3 (major highway) becomes 1,550 pg TEQ CALUX per litre, a factor ten times higher than the activity in sample 4 (mountain sample; Fig. 3 ). These data are supported by the results of the BC and TOC analyses: BC percentages of 0.13-0.15 % and TOC percentages around 10 % were measured for urban samples 1-3, giving BC/TOC ratios between 1.61 and 1.67 % (Table 1) . This is low when compared to the average BC content found in sediment or in soil (9 and 4 %, respectively) [24] . However, the observation that the particles bind so much of the AhR antagonists present is not surprising since the total particulate load in the L/kg, which is true for most AhR antagonists [24] , will be present and bound for more than 50 % in the particulate phase and therefore less bioavailable. Compounds with larger K TOC and larger K BC are bound to the particulate phase to a larger extent (e.g. less than 1 % of a compound with K TOC 010 6 L/kg will be present in the snow/water phase). These data therefore suggest that when assessing the ecological risk of AhR agonists in urban snow samples, determination of the bioavailable fraction of the contaminants is required due to the large amount of particulate material that may be present. Background samples like sample 4 (mountain area), on the other hand, are expected to have a negligible amount of BC and are not expected to have as high a reduction in the bioaccessibility of AhR agonists and, thus, a higher response despite lower total loadings.
As far as we are aware, this is the first study investigating the AhR agonist potency of urban snow samples. The AhR agonist potency of our snow samples was 10-100 times higher than the low levels determined in water samples of South Korean rivers (0.7-17.6 pg/L TEQ CALUX ) and the significant induction that was detected in soil samples from the same rivers (0.5-650 pg/g dry weight TEQ CALUX ) [28] . Studies on AhR agonist potency in Japanese indoor dust [29] or sediment from UK estuaries [9] measured levels a factor 10-100 times lower than in the particles reported in this study. This suggests that snow from urban areas can contain comparatively high levels of AhR agonists and indicates that snow can be a good indicator of dioxin-like compounds in a roadside environment.
Chemical analysis
Dissolved fraction
All samples were screened on a GC-HR-ToF-MS, both with a targeted and a non-targeted approach. Targeted analysis of the water fractions showed a total PAH concentration between 518 and 2450 ng/L, with 10 of the 19 targeted PAHs detected and naphthalene contributing to 91-98 % of the total PAH concentration ( Table 2) . Of these ten PAHs, only benz[a] anthracene and benzo[e]pyrene have been reported to show induction on the CALUX assay [5] , with potencies measured as induction equivalently factors (IEFs) ranging from 9.3× 10 −7 to 1.5×10
. IEFs have been used here instead of TEFs The bioaccessible  and non-bioaccessible F2  particle fractions of sample 3  added together make the total  particle fraction (see text) as this is the usual practice when calculations use data gained from a single in vitro assay [5] . The induction equivalent quotient (IEQ) that can be calculated with the IEF CALUX is from 7.5 × 10 −5 to 7 × 10 −2 pg/L IEQ and only explains <0.05 % of the TEQ CALUX measured in the water fractions. By GC-HR-ToF-MS screening for non-target compounds, some plasticisers and flame retardants could be tentatively identified (e.g. tryphenyl phosphate in samples 3 (major highway) and 4 (mountain sample)), as well as PAH derivatives such as aminofluorene (samples 3 and 4) and hydroxylated naphthalenes (in all samples), but the IEFs for these compounds are not available. No volatile compound was detected using headspace analysis, indicating the very low level of occurrence of volatile organics in the snow samples and their minimal contribution to the overall AhR load. The presence of PAHs in snow from areas considered to be relatively unaffected by anthropogenic inputs has previously been reported by Peters et al. [14] . In their study, seven PAHs were detected in snow collected from the Canadian Arctic at concentrations of between 36 and 660 ng/L, which are similar to the concentrations we detected in the mountain sample in the current study. Four of those seven compounds (naphthalene, acenaphthene, fluorene and phenanthrene) were also detected in the current study. This Arctic data were compared with the BC concentration in the same samples, but no correlation was found. Similar results have been reported for snow from the Italian Alps, where in urban sites the ∑PAHs was 77-290 ng/L and in a national park 20-66 ng/L [12] . Urban snow samples from bus stops and parking places in Leipzig have been reported to contain the same PAHs with concentrations of the same order of magnitude (13 PAHs excluding naphthalene, 1,607-3,822 ng/L) as in the current study [30] .
Particle fraction
In the F2 particle fractions, nine PAHs were detected by targeted analysis, of which five are known to cause AhR induction [5] . Chrysene and benzo[k]fluoranthene contributed greatly to the IEF, resulting in an IEQ of 124-218 pg/L, where the highest IEQ is found in the Ringroad 2 sample. These IEQs can explain between 2 and 9 % of the total TEQ CALUX (Table 3) .
The chromatogram from the GC-HR-ToF-MS showed a large high-molecular-weight unresolved complex mixture (UCM) in the F2 particle fraction (Fig. 4) , which made nontarget screening impossible using conventional GC since individual compounds could not be resolved. This UCM may contain a high proportion of aromatic AhR agonists, which is supported by recent work that has shown that the largely unresolved aromatic fraction isolated from crude oil is a potent inducer of the AhR [31] . In another study, the produced UCM has been lethal to benthic organisms at environmentally relevant concentrations, and it was shown to enhance the bioavailability of PAHs by competing for sorption to TOC [32] . Mussels (Mytilus edulis) from the UK, which contained a high amount of aromatic UCM, showed impaired growth in comparison to clean mussels [33] . UCMs can consist of thousands of individual compounds, most of them have, to date, not been identified [33, 34] .
In the current study, comprehensive GCxGC-ToF-MS was used to unravel some of the complex composition of the UCM and identified 85 different PAH derivatives, such as polycyclic aromatic ketones (PAKs), alkylated, nitrogen sulphur and oxygen PAHs in the samples (see ESM Table  S1 ). These compounds are found in oil, gas and diesel (alkylated PAHs), in combustion products (PAKs, alkylated PAHs), or in creosote and tar (nitrogen, sulphur and oxygen PAHs). All these classes of compounds have also been found in the aromatic UCM fraction in UK estuary sediments, and several of them have been tested positive for mutagenic activity [35] . Some of the compounds identified with GCxGC-ToF-MS are known agonists of the AhR, for example 11H-benz(a)fluoren-11-one, 11H-benz(b)fluoren-11-one [36] , methylpyrene and methylchrysene [37, 38] . Others, like carbazole and dibenzothiophene, are CYP1A1 inhibitors [39] , and these compounds can, to some extent, contribute to the total AhR activity of the samples.
Both in this and in most other EDA studies, identification turns out to be the bottleneck. It is clear that there are many Fig. 4 Chromatogram of sample 3 (major highway), particles F2, showing the UCM other chemicals that can interact with the AhR present in the samples, but with the available separation techniques, even in two dimensions, combined with the lack of automated identification tools and incomplete libraries, it is not possible to identify them. The presence of a UCM in complex samples or many co-eluting compounds makes identification even more difficult. On the other hand, compounds that can be identified often lack IEFs [40] , and it is unclear how much they contribute to the total AhR agonist load. In sediment collected from a Dutch harbour, for example, only 38 % of the AhR agonist activity could be explained by PAHs whilst using the same IEFs as in the current study. It was suggested that the rest of the AhR agonist activity might come from alkylated four-ring PAHs, currently without IEF values [41] . Another study investigating AhR agonists in indoor dust from electronic waste recycling sites could only explain between 8 and 29 % of the activity by chemical analysis [42] . Other factors that could contribute to this discrepancy, such as matrix effects in the complex mixture and non-additive effects of mixtures of compounds [43, 44] , have been proposed for lack of coherence between the measured AhR activity and the presence of AhR agonists in complex samples.
Conclusions
As far as we are aware, this is the first study evaluating the occurrence of AhR agonists in roadside snow. Elevated levels of AhR agonists were detected in all samples, including the sample collected from a mountain area. High levels of AhR agonist activity was measured in the particles of the roadside snow samples; however, most of the compounds were strongly bound to particles, and only 16 % of the activity was bioaccessible when the particles were extracted using XAD-2 resin, suggesting that assessing bioaccessibility is important when measuring pollutants in environmental samples, such as snow. Fractionation of the samples suggests that the AhR agonist activity came from PAH-type compounds. Less than 0.05 % of the AhR activity in the dissolved fraction could be explained by the presence of PAHs with the published IEF values, whilst between 2 and 9 % of the activity in the particle fraction could be attributed to known compounds such as PAHs. Broad-spectrum nontarget analysis of the dissolved fraction identified compounds that may possibly bind to the AhR, for example, PAH derivatives such as aminofluorene and hydroxylated naphthalenes, as well as some plasticisers and flame retardants (e.g. tryphenyl phosphate). The particle-bound fraction was dominated by a UCM when analysed by conventional GC, and this was shown to include alkyl-substituted PAH, oxy-PAH, nitro-PAH and PAK when analysed by GCxGCToF-MS, all of which may potentially contribute to the overall AhR agonist load. Further research should concentrate on finding IEF values for the compounds that are tentatively identified and improve the ability to identify uncharacterised compounds by GCxGC-TOF-MS in these complex samples.
